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Analysis of subsynchronous oscillation caused by HVDC commutation failure
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Abstract: The mathematical model of HVDC transmission system and its control system for subsynchronous
oscillation analysis is established. Based on the torsional vibration model of generator shaft, the mechanism of
generator shaft torsional vibration is introduced; the generator set and HVDC transmission are mainly analyzed.
When the commutation failure occurs in the inverter station, it will cause the turbine generator shaft system
disturbance near the rectifier station, which will cause problems in the HVDC system control and provide negative
damping for the disturbance, thus forming a torsional vibration interaction with positive feedback properties.
Eventually, the generator is subjected to shaft torsional vibration. Finally, the corresponding simulation model is
built on PSCAD/EMTDC, the simulation reproduces the phenomenon of subsynchronous oscillation caused by the

failure of HVDC commutation and verifies its mechanism.

Key words: HVDC transmission; commutation failure; subsynchronous oscillation; torsional vibration

0 2 P w45 % oL A, A TR E R o 1S 3T
fZ bR, SR, HVDC Al fesl & ik

mEHE M (High Voltage Direct i ML MKk F 7% (Subsynchronous
Current, HVDC) HfFMHB AR K. Th&E  Oscillation, SSO) KD, ™ &Mk F £

it

30 | @i bl - BAEM - 2020 E395 %11



A RESER R A VLA Fa 2 IR, &k
T IINLMCE RS EAE R A, HEE S B
ENLTE TN

E NN E LAk kA £ HVDCS| % ik [
LR G B, il 4n3E E ) Square Butte H i
T, ERMST O E &R LEAMARIL—1Ed
e T A TR, URe kW, HVDCH PR
HEEHI AT RE S S 1E i R Gk R PR B L 4

KILE oM THVDCS kiR %k LA
W IR 4R 5 WO WLER 3817 4 A7 £ 5% Ui L I i i
B AR SR A T, AR i A8 I 1 ) A D
LA B & B R AR LA DL, 15 R 2
JER, BT A2 O R R T B S B 4] 2k
Wiy K A o F HLAE 45 RE 2k W 1 Tl L O ) 4 B
S % L O 4 0 P A6 i L TR £ ok AR R AR A, %)
e R S BEE AT B YRR Kk HL AL T 3R RN i B o
i, ORI K LR e A Al R LR, O
i % 1k 6] 25 I 5 i RS . fe Je 1 B EL T iR
HVDCHedH &k 512 ik W PR % 4 .

1 REEBIAMAARNIE

L1 REASRZS ERE S
ZIER AR R, KB D RENIRS

X
O N e
X +X +X, (1)

A, [ ABUEM A s X A BUE AT &
B X X, X oy Bk HE MR TR R
RGP K ERDL., KB HE PR G HR
Pl.

BV R AHLE F SR b B A SRR G
LGRS vh 23 I8 R A R Y
ML, “HEAEMT R AR

o=t /e (2)

X H TR A Y =R K R IR 2 AR E
e SRR b R AR DR R AU RO E R W, X M
ASTE I R Y Sk 2nf,, BAER A R R
tH PR R T A 25 ER B e i 1 R B - TR) R R 6

www.eage.com.cn

Hig o

Theoretical Analysis |

B, o, E U IE R o i AR TR A A
R =fo— [T RS B, TUF o R E
[l 290 f =t f B e R o e, X R
2 AR B b e AR AR B R A BE . N S E - G
Sy e [m] VR 0 7= A e WA A, (EL T ok R] 2B R
THIGE WA BN, IR R HL R S AT 22
W o [AIOE AT AR GE 3% F MU TE E o« 24 T8 Y %
- T I R0 X S22 7 Y UK [R) 2 W 2 Bk LA
R, gk 2 7= Ak [ 2B e 4

KRR R BALA R B T RGAET & 24,
WM., W, BrBROMBIRESEH . B
HLA Bk O R B R SR 2 55, 50 il 22 28 1 B 1 il
WA R b B b, &40 (9 JL AT R TR 8 5 15
TR, 2 T R G B A A R
# R B Z R R AR O A Rk & R R, B
O, et AR B A A RSCR AR A, R4
TP AT IR, ARk e - fh & e hn ]
ALEEAE B & A b B 2 ) B AR B AS &
B — A~ (ARG E B 22 28 o &, Rk T AN [ Y
Br, %5278 5y B B (G AR L AN [

BBt ERF T IR A L2 i A L3R 1)
WF, B2 A R R R, R R LA
B F TRV A T O e B B R e by
B, AR EEL (HP) | A EHD (1P)
flRHEGLA (LPA) | {REHLB (LPB) | kH
HL (GEN) Fnjh#dl (EXC) , Z5#ganlE 1T
TR o R IF 2 ik 5 B A TR 52 0 & & D B
T 5] 2 i e 09 [l I, 30 25 S 2B A O B AL 5% 4R
Dro A5 AR LA B IR 5 WO BILJE 24 fe, AT RE
218 R R LA Bl A e 2 2 I AL A
i .

HP IP LPA LPB GEN EXC

Bl RERBEVHMRLHTER

Fig. 1 Schematic diagram of steam turbine shafting structure
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Fig. 2 Schematic diagram of generator and HVDC access to the
power grid
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Fig. 3 SSO generation mechanism of HVDC
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Fig. 5 Waveforms of various electrical quantities during the

commutation failure

M PSRl UL, — A~ AR BT PN A A R
AT S4B,

1) oy~ 6l BE A 3 18 3 18] S AR B o )R
Z, iR S IF AR S, B I IR 3 A 4 7 IR S
L o 2SR, it 55 5.

2) t~ By B b e in R4 6 A I A . ot
Z0, MO iR 6 T 4R Tl , IS R 4 R $8 77T 1 6 46t
FH o FH 0l B AT ) 2R OAE A U A B AE 1
mle, B R R (E AR, LR R A
AR, A IR 4 2R HE 57 B TR 5 IS IR 6 U 45 AH L
FE 20 2 B0 S A — A e W 2 ), #8001 4 40k
5 i IO 8 o T W oL B WA MR N

2020518 - BAEN - % hd | 33

T T T T T T T 1
1.9900 1.9950 2.0000 2.G05D 20100 2.0150 2.200 2.0250 2.030 0



HigoH |

Theoretical Analysis

3) s~ teli B A i 30 IR S 1A 45 16 1 465 AH it
B osBEZ0, f T O R 15 R R R 4 fR] IR
M, A 2T I SR R i L, L PR O
B, AR R R 5 R R 4 R R R R 2
N

4) t;~ B B P Z, IR R 2 A il R
fi o, (B TR TS RES I . BBt
MR SR 4 Ak S0l , B A H O R 4k
L5 N

5) ts~ tolfi B A i {70 IR 1 1A] 46 7 15 3 46 AR i
feo BT EBBERMRA, SR, (65
IS 1] 1A BE 52 1 TA] 48 378 11 3 Y 46 AH sk 2K 52 1E ] L
He i JF 4R @44, BIH LSS ok A R e, 2
Jr R R 15 A R 4 A .

i bad o A Al G0, AE BT B RY R 2%
T, 6k Bt AR g 3k S A IR A O 2 A 2k
W, AT E 743 LIS % L TR (L 1K 2 (pu)s
3.2 HBBRME| R R B FIRHIIES I

il 3 4y A b A AR G AR AT, SR AR R
2y {15 it I B 2% AL S W (L P A1 e 98 TR g 78
Bt A% 4% S FE A AE e e, 5 R ) 5 A B AR
R TV B P R R R = R R, 460 T R L 7S 48
I Bk £ PR TS 8 L 22 30 1F TR 2 6% o

T #8048 2 W S AR 9T TRD, O 0 6L % 4 4 A
£, L% FL R 4 B R I v PR ) 2 e R A ol R L
T B B ALY, AT 51 e O i B VR K R

=

Ey
-5

o -

LA B R PL 3, A & B ML) Th 36 F i o 3 i
AL, KRB HBRS, SR
WX L8 20 | 0% o7 Rk [R] 20 00 3 1) W T 4y /e, 1% 40
BT AR R ) 2D 0 3 L T S TE R L ES T
B E D A, R Ok TR D A R
WL 2t HVD CHY & W i 45 i, ofF F — 2P ok A2
TERERE T LR EED, YRRk aila
H, B 2 ) A (L R 5 1 R R i AR R R 2 ALY
HAZERTO0 B, HFHIEMEE, N
T B 1E Bk O A HLAR AR B AR, AR
e (B AN T 30, B 20 S B R R LA il R AR
A

4 HVDC3| & XxEHIRFHES T

4.1 {FEHEH

A XHTPSCAD/EMTDC i H# M, #
T T HFSCHVDCS] K ik [ 25 4k 5 B 07 H A
B, mE6R R, Eo, KK EHLA M
s SHVDCHHIE, ML b & R R NI i A
R, 2 Dl R S R 2 R B A e b, HVDC SR
JHICIGRE HVDC Benchmark#i %!, H H %40
EEHCAH1 000 MW/500 kV/2 kA, % Ak
12 Jicah i &%, 32 245 il 05 Kok 2 A i 4% il
(BEJRh) FnoE S M dsml Geag ) M,

e 300 Ak e 7 B £ 15 B afH 4 Hh BB, el
KETS s, Frgi0.1 s, WA uiRm gt s T

0.596 8 H 25Q 25Q 059 8H
— Y'Y YN\ — — Y Y YN —
4
S ©
i I Inverter AC
= = >
Rectifier Inverter & A
2 [ B
5 )
jan}
Timed
Fault
A>G Logic

El6 HVDCRXREHIRFEE
Fig. 6 SSO model of HVDC transmission

34 | @i bl - BABEW - 20208395511



W, SIEHVDCH#AM KM KL, ETHkikA
R EREU, HREEU,. HiRBiR,. |
WPy, BETL &% K fl o0 1072 45 SC W firy Y

BT .
1.20 1.20
S g
= 0,601 = 040
040 0.00
0.00 : : : — 040 . . . .
48 49 50 51 52 40 45 50 55 60
t/s s
(a) i ELk iR (b) HHE
2.00 1.00
. 1.50 = 0.80
£ 1.00 £ 0.601
= 0.50 Wl o 0.407
0700 ] 0.20
0.001
40 45 50 55 60 48 49 50 51 52
t/s t/s
(¢) HHEE (d) HRINE
120 150
80 & 100+
b
40 1 501
0 . . - . 0 T T T T
40 45 50 55 60 40 45 50 55 60

t/s
(F) THAS TR A1

E7 K TR IR R

Fig. 7 Simulation waveform of each electric quantity when

t/s
(o) HEVRARAR

commutation fails

HI B 70T DA, 0 28 ol 4 O BF 2% kA
FH R B i, 40 T B £ PR e MR R P A
16 B8 DI 5K T R 8 O TR R BE I B2 SR T HE 0, 24 K
S S Y T T I L N I S S
Ja, HEIRHRINE, HiRh R,
42 BBXRME|I 2R EFIRHHES

KA AR RGO A A R e R A, fi
KB E R AR S, W KAk e,
DL /N B LIS o [ I, 30 738 0 Y 5 5% T ff 4%
GIREESSTReR: WA L W S NI Rech NS I P
WMREREE, EARBES RS, BRDE
PEUJ R RIEAE L, H (s T #0E P2,
DR w22 i 2 R G Rk, W RE DI B
MR R AL K R PR G IR R A

P8 o Al AR & I e I (AL . BT ORIk IR
W L% - AR BE oo BT R T P 4B T 0 i
o MWESHATLLA W, 5 shi#fii bkek & & 5
FH 1 b i B T B AR R W, 3 TR R LA

X .

www.eage.com.cn

| EiBSH

Theoretical Analysis

2 i P [A] 1 5 45 T kLML e 1 B 7 R T B iR
s I H R EIR D K. T30 A8 2% B 4 AR 2k
Weshke TR R aiLA R HIRAHTIEM, H
M T % AL AR (A 38K, ML RARR AR /N, Y
K LA R R R A S R R &
AT Z RN AR AL 224832 90° I, b & & it & P (Al
SRR R G AR A AR, (815 4R 7 0 B
AWK, IS B R R R
0.40
< 0201
= 0.00

—0.20 1
—0.407

Ty(pu
=)
=)

5.0 5.5
t/s

El8 HFZEREMNEAE
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